Prior studies have shown that free radicals generated by heating polyimides above
300"C are stable at room temperature and are involved in thermo-oxidative degradation in the presence of oxygen gas. Electron Paramagnetic Resonance Imaging (EPRI) is a technique to determine the spatial distribution of free radicals. X-band (9.5 GHz) EPR images of PMR-15 polyimide were obtained with a spatial resolution of about 0.18 mm along a 2 mm dimension of the sample.
In a polyimide sample that was not thermocycled, the radical distribution was uniform along the 2 mm dimension of the sample. For a polyimide sample that was exposed to thermocycling in air for 300 one-hour cycles at 335°C, one-dimensional EPRI showed a higher concentration of free radicals in the surface layers than in the bulk sample. A spectral-spatial two-dimensional image showed that the EPR lineshape of the surface layer remained the same as that of the bulk. These EPRI results suggest that the thermo-oxidative degradation of PMR-15 resin involves free radicals present in the oxygen-rich surface layer. EPR spectra were obtained using 0.08 mW microwave power, 1 gauss modulation amplitude, and 50 gauss scans on a Varian E9 EPR spectrometer. Figure  1 shows the firstderivative EPR spectra of the two PMR-15 samples, a and b. Figure  2 shows photographs of these samples.
INTRODUCTION
The sample dimensions and EPR characteristics are listed in Table 1 . The signal intensity listed in Table 1 Comparisonof the EPR spectraof the two samplesshows,within experimentalerror, the sameg-value of 2.00312and similar lineshapeswith a peak-to-peaklinewidth (AWpp)of 5 In the presence of the magnetic field gradient, the EPR signal spreads out along the applied magnetic field direction. If the signal is weak, the maximum gradient may be limited by the need for acceptable signal-to-noise, which would limit the resolution of the image.
However, for samples a and b, the EPR signal was strong enough that resolution was not limited by signal-to-noise. 
RESULTS

As
where Q is 25 + 5 G for carbon, and p is the unpaircd-_'-clcctron density at the aromatic carbon nucleus to which the H atom is bonded. The observed 5.5 G linewidth for the radicals in samples a and b is considerably smaller than the value of 25 G predicted by equation (1) for p = I, which means thatthe spin density isnot localizedon a singlecarbon. Instead,the unpaired electron is delocalizedover a large number of aromatic atoms. This conclusion is consistent with ENDOR 15 and high-field EPR studies of polyimides. 12 The room temperature stability of the free radicals detected by EPR results from the extensive delocalization of the unpaired electrons.
The EPR images ( Figures  3a and 4) of sample a, which had been treated by thermocycling at 335°C in the presence of oxygen gas, show that the concentration of free radicals is higher in the 0.1 to 0.2 mm thick surface layers than in the bulk material. The EPR image ( Figure  3b ) of sample b, which has not been subject to thermocycling shows that the spatial distribution of free radicals is relatively uniform across the sample. The surface layer is found to be richer in oxygen than the sample bulk.
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